Nowadays, the regime switching model has become a popular model in mathematical finance and actuarial science. The market is not complete when the model has regime switching. Thus, pricing the regime switching risk is an important issue. In Naik (1993), a jump diffusion model with two regimes is studied. In this paper, we extend the model of Naik (1993) to a multi-regime case. We present a trinomial tree method to price options in the extended model. Our results show that the trinomial tree method in this paper is an effective method; it is very fast and easy to implement. Compared with the existing methodologies, the proposed method has an obvious advantage when one needs to price exotic options and the number of regime states is large. Various numerical examples are presented to illustrate the ideas and methodologies.
INTRODUCTION
The main contribution of the seminal works of Black and Scholes (1973) and Merton (1973) is the introduction of a preference-free option-pricing formula which does not involve an investor's risk preferences and subjective views. Due to its compact form and computational simplicity, the Black-Scholes formula enjoys great popularity in the finance sectors. One important economic insight underlying the preference-free option-pricing result is the concept of perfect replication of contingent claims by continuously adjusting a self-financing portfolio under the no-arbitrage principle.
The Black-Scholes' model has been extended in various ways. Among those generalizations, the Markov regime-switching model (MRSM) has recently become a popular model. The MRSM provides additional flexibility in incorporating the impact of structural changes in macro-economic conditions and business cycles by introducing a continuous-time Markov chain into the model. The Markov chain can ensure that the parameters change according to the market environment and at the same time preserves the simplicity of the model. It is also consistent with the efficient market hypothesis that all the effects of the information about a stock price would reflect on the stock price. However, when the parameters of the stock price model are not constant but governed by a Markov chain, the pricing of the options becomes complex.
There are many papers that discuss option pricing under the regimeswitching model. provides an elegant treatment for the pricing of the European option under a regime-switching model with two regimes. Elliott et al. (2007) study the price of European option and American option under a Generalized Markov-Modulated Jump-Diffusion Model using regime-switching generalized Esscher transform and a set of coupled partial-differential-integral equations. Siu (2008) considers the option pricing problem in a game theoretical approach which is found to be consistent with with the result of regime-switching Esscher transform. Siu et al. (2008) study the price of European option and American option of spot foreign exchange rate under a two-factor Markovmodulated stochastic volatility model. Buffington and Elliott (2002) tackle the pricing of the European option and the American option using the partial differential equation (PDE) method. Boyle and Draviam (2007) consider the price of exotic options under the regime-switching model using the PDE method. The PDE has become the focus of most researchers as it seems to be more flexible. However, if the number of regime states is large, and we need to solve a system of PDEs with the number of PDEs being the number of states of the Markov chain and there is no close form solution if the option is exotic, the numerical method to solve a system of PDEs is complex and computational time could be long. In practice, we prefer a simple and fast method. For the European option, , Guo (2001) and Elliott, Chan and Siu (2005) provide an explicit price formula. Mamon and Rodrigo (2005) obtain the explicit solution to European options in regime-switching economy by considering the solution of a system of PDEs. All the close form solutions depend on the distribution of occupation time, which is not easy to obtain.
One important feature for option pricing under MRSM is that the market is incomplete; thus, pricing the regime switching risk becomes an issue. The noarbitrage price of the derivative security is not unique if the market is incomplete. There are many different methods that can help determine the price of the options in such case. Miyahara (2001) uses the minimal entropy martingale measure to find the price which maximizes the exponential utility. Elliott, Chan and Siu (2005) use the regime-switching Esscher transform to obtain an no-arbitrage price. Guo (2001) introduces a set of change-of-state contracts to complete the market. shows that the price of options can also be obtained by fixing the market price of risks. In the MRSM of Buffington and Elliott (2002) , the stock is a continuous process; they assume that the regime switching risk is not priced. Since they assume that the Markov chain is independent of the Brownian motion, the Markov chain therefore will not affect the changing of probability measure by using the Girsanov theorem. The risk neutral probability obtained by the Girsanov theorem in their model should be the same as that in the corresponding geometric Brownian motion model (GBMM). In their model, when the regime changes, the volatility of the underlying stock changes (and the risk free-rate also changes), and the price of the stock will not jump (the dynamic of the stock price is a continuous process). The change of volatility will cause the option price changes. Corresponding different volatilities, the option prices will be different (or the option price jumps when the regime state changes). In our opinion, the regime switching risk is somehow different from the market risk in nature. Therefore, we should do nothing on the risk neutral probability measure in that model. That is, we should not price the regime switching risk. Therefore, the Naik (1993) model is more proper when we want to consider the regime switching risk. In this paper we first generalize the model in to a multi-regime case. The next problem is the calculation of the price of the options in this model. obtains the close form solution for a European call option. However, if the option is American or exotic, there is no close form solution. Even for the European option, the close form solution contains the occupation time distribution which is not easy to obtain. In this paper we propose a trinomial tree model to price the option under the jump-diffusion MRSM.
Since the binomial tree model was introduced by Cox, Ross and Rubinstein (1979) , the lattice model has become a popular method for calculating the price of simple options like the European option and the American option. This is mainly due to the lattice method being simple and easy to implement. Various lattice models have been suggested after that, see, for example, Jarrow and Rudd (1983) and Boyle (1986) . The trinomial tree model of Boyle (1986) is highly flexible, and has some important properties that the binomial model lacks. The extra branch of the trinomial model gives one degree of freedom to the lattice and makes it very useful in the case of the regime switching model. Boyle and Tian (1998) use this property of the trinomial tree to price the double barrier option, and propose an interesting method to eliminate the error in pricing barrier options. Bollen (1998) uses a similar idea to construct an efficiently combined tree. Boyle (1988) uses a tree lattice to calculate the price of derivatives with two states. Kamrad and Ritchken (1991) suggest a 2 k + 1 branches model for k sources of uncertainty. Bollen (1998) constructs a tree model which is excellent for solving the price of the European option and the American option in a two-regime situation. The Adaptive Mesh Model (AMM) invented by Figlewsho and Gao (1999) greatly improves the degree of efficiency of lattice pricing. Aingworth, Das and Motwani (2005) use a lattice with 2k-branch to study the k-state regime-switching model. However, when the number of states is large, the efficiency of the tree models mentioned above is not high. In this paper we propose a trinomial tree method to price the options in a regime-switching model. The trinomial tree we propose is a recombined tree, with the idea that instead of changing the volatility if the regime state changes, we change the probability, so the tree is still a recombined tree. Since we are using a recombined tree, the computation is very fast and very easy to implement. For most of the examples in this paper, the computation time is within 10 seconds.
JUMP DIFFUSION MODEL
The model setting in this section is based on the work of . Let (W, F,P) be a probability space, where P is the real-world probability measure. Let T be the time interval [0,T ] that is being considered. Let {W(t)} t ! T be a standard Brownian motion on (W, F, P). {X(t)} t ! T is a continuous time Markov Chain with finite state space {e 1 , e 2 , …, e k } where e i = (0, …, 1, …, 0)
T represents the transpose of a matrix or a vector B, is an unit vector, which represents the economic condition and is independent of the Brownian motion. For simplicity, the state e i will be called the state i. We denote the set of states
,…, k be the generator of the Markov chain. By the semimartingale representation theorem:
where {M(t)} t ! T is a ‫ޒ‬ k -valued martingale with respect to the P-augmentation of the natural filtration generated by {X(t)} t !T . Point processes {N(t; j )} t !T , j !K counts the number of state transitions from state X(s -) to state j from time 0 to time t, given X(s -) ! j. Therefore, if we assume that X(t -) = i which is not equal to j, the arrival rate of the point process N(t; j ) is just the corresponding entry a ij (t) of the generator matrix. Obviously, when X(t -) = j, the arrival rate of N(t; j ) would be zero. A new matrix will be set up so that the arrival rate of jump can be summarized in the following matrix: 
We assume that the risk-free interest rate depends on the current state of the economy only and therefore
where r := (r 1 , r 2 , …, r k ) T ; r i > 0 for all i = 1, 2, …, k and G·, ·H denotes the inner product in ‫ޒ‬ k . Given the interest rate process, the bond price process {B(t)} t ! T satisfies the equation:
The rate of return and the volatility of the stock price process are denoted by {m(t, X(t))} t ! T and {s(t, X(t))} t ! T , respectively. Similar to the interest rate process, they are affected by the state of economy only: Merton (1990) , systematic risk should not be firm specific. The risk of state transition could only be considered as a systematic risk if the jumps of values of different assets in the market during state transition would not be cancelled with each other as a whole so that a state transition really imposes a change on value of the market. We assume that the jump size depends on the state before and after the state changes and the current stock price only. If exp(y ij ) -1 denotes the ratio of jump of the stock price during the state transition from i to j. Then, the stock price process S(t) is assumed to satisfy
{y ij } i, j ! K has an important property which makes the trinomial tree method applicable to this model:
This property holds because of the Markovian property of X(t). For a Markov chain, all information about the process in the past is represented by the information of the current state. We consider two situations; one is that the state of economy changes from state i to state j, and the other case is that the economic state changes from state i to state l and goes to state j immediately. All of the other conditions in these two situations are assumed to be the same. Due to the Markovian property, the past information is not useful given the current state information. A person cannot distinguish the difference in value of these two stock price processes under these two situations now at state j. The prices of stocks in these two cases are the same and equation (2.7) should hold. If j and l in equation (2.7) are taken to be i,
for all i ! K . We should also have the following condition:
Here, we base on the works of Elliott et al. (2005) on the double-indexed s-algebra. Let {F t X } t ! T and {F t Z } t ! T be the the natural filtration of {X(t)} t ! T and {Z(t)} t ! T , respectively. We define G t to be the s-algebra F t X 0 F t Z and G t,s to be the double indexed s-algebra F t X 0 F s Z . Similar to the geometric Brownian motion model, the risk neutral probability can be obtained so that the value of the derivatives can be calculated easily. Let Q denote the risk neutral probability measure. We write z(T ) = dQ /dP, z(t) = E(z(T )|G t ). For a derivative based on the asset S(t) which is path independent, with a final payoff of g(S(T)), its price at time t can be calculated by:
where exp( r -T t # (s)ds) z(t) is known as the state-price density. Using the fact that z(t) = E(z(T )| G t ), z(t) is a martingale under the probability measure P, the martingale representation theorem can then be applied and we have:
for some predictable processes j 0 (t -) and j(t -; j), where j > -1. According to , j 0 (t -) and j(t -; j ) can be interpreted as the price of continuous risk generated by the Brownian motion and the price of discontinuous risk of the change in volatility. We assume that the risk characteristic of the investors depends on the economic state only. Then, j 0 (t -) will depend on X(t -), that is j 0 (t -) = j 0 (X(t -)), and the value of j(t -; j) will depend on X(t -) and j only, that is j(t -; j) = j(X(t -), j). We write j(t
} is a martingale under the probability measure P. By Ito's formula, we have and therefore, exp( r The drift of the process is zero; thus, apart from the time point of jump,
From this equation we have:
The risk premium of the stock can be divided into two parts; the risk premium generated from the Brownian motion and the risk premium generated from the jump of stock price. From the capital asset pricing model under a diffusion formulation, the risk premium is proportional to the volatility of the stock price. In our model, the risk premium of a jump due to a transition of the Markov chain is proportional to the size of jump exp( y X (t -), j ) -1 and the arrival rate of jump aЈ X(t -), j . As mentioned in , -j 0 (t -) and -j(X(t -), j) represent the price of risk of volatility and jump, respectively.
Risk Premium of Brownian Motion
To ensure that the risk premiums of these two sources of risk are non negative, we have j 0 (t -) # 0 and (2.20)
Since exp(y X(t -), j ) -1 and y X(t -), j have the same sign, the second condition can be simplified as:
From (2.6) and (2.12) and Ito's formula, it is not difficult to see that the expressions of S(T) and z(T) are given by:
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ARRIVAL RATES OF JUMPS UNDER RISK NEUTRAL MEASURE
In the simple geometric Brownian motion model, the Girsanov theorem is used to change the real probability measure to the risk neutral probability measure. Under the risk neutral probability, the expected rate of return from the risky asset becomes the risk-free rate. The same idea will be used in this section. A risk neutral probability can be obtained such that the underlying security and all of its derivatives have the risk-free interest rate as the expected return. The volatility of the risky asset under the risk neutral measure is the same as that under the real-world measure, but the arrival rate of jumps will change under the measure change. The arrival rates of jumps, which are the same as the rates of state transitions, will be discussed in this section.
To understand the probabilistic properties of standard Brownian motion {W(t)} t ! T and the Markov chain {X(t)} t ! T under risk neutral measure, the stochastic differential equations governing the evolution of these two processes over time can be considered. z(T) is the Radon Nikodym derivative, then,
W(t) and z(t) are (G,P)-martingales, where G := {G t } t ! T . Using the above information, another process can be studied:
which is a (G, P)-martingales. Obviously, the quadratic variation of (W(t) -j t 0 0 # (s -)ds) is t. By Lévy's theorem, it is a standard Brownian motion under Q.
Similarly, the Markov chain can be studied using stochastic differential equation, but instead of studying the Markov chain directly, the point processes {N(t; j )} t !T , j ! K derived from the Markov chain will be our focus. If the regime is at state X(t -) just before time t, the point process N(t; j ) has arrival rate equal to aЈ X(t -), j , then 
By the definition of the Radon Nikodym derivative z(T), which is always positive, the risk neutral probability measure Q is equivalent to the real probability measure P. N(t; j ) is still a jump process under Q. Furthermore, if we divide a time interval [s, t] into m pieces with mesh P, and DN(t l ; j ) represents the change of N(t; j) in the corresponding l th small time interval, then ; ;
; . This shows that N(t; j) is a point process under Q. From stochastic differential equation (3.4), the arrival rate of N(t; j) is (1 + j(t -; j)) aЈ X(t -), j . That is, under risk neutral probability measure Q, the arrival rate matrix A * Ј is (3.6) and the corresponding generator matrix A * is 
where
TRINOMIAL TREE PRICING UNDER JUMP MODEL
Based on the result of last section, we are able to find the prices of the derivatives using the trinomial tree model. The life of the derivative T can be divided into N time steps with length Dt. In the CRR binomial tree model, the ratios of changes of the stock price are assumed to be e , respectively. The probabilities of getting up and down are specified so that the appropriate rate of the stock price matches the risk-free interest rate. In the trinomial tree model, with constant risk-free interest rate and volatility, the stock price is allowed to remain unchanged, or goes up or goes down by a ratio. The upward ratio must be greater than e t D s so as to ensure that the risk neutral probability measure exists. If p u , p m , p d are the risk neutral probabilities corresponding to when the stock price increases, remains the same and decreases, respectively, and Dt is the size of time step in the model, and r is the risk-free interest rate, then,
rDt and (4.1)
where l should be greater than 1 so that the risk neutral probability measure exists. In the literature, the common values of l are 3 (see Figlewski and Gao (1999) and Baule and Wilkens (2004) ) and . 1 5 (see Boyle (1988) and Kamrad and Ritchken (1991) ). After fixing the value of l, the risk neutral probabilities can be calculated and the whole lattice can be constructed.
However, in our model here, the risk-free interest rate and the volatility are not constant. They change according to the Markov chain. In this case, a natural way is to introduce more branches into the lattice so that extra information can be incorporated in the model. For example, Boyle and Tian (1988) , Kamrad and Ritchken (1991) construct tree to price options of multi-variable. Aingworh, Das and Motwani (2005) use 2k-branch to study k-state model. However, the increasing number of branches makes the lattice model more complex. Bollen (1998) suggests an excellent combining tree-based model to solve the option process for the two-regime case, but for multi-regime case, the problem still cannot be solved effectively.
In this paper we propose a different way to construct the tree. Instead of increasing the number of branches, we change the risk neutral probability measure if the regime state changes. In this manner, we can keep the trinomial tree as a recombined one. The method relies greatly on the flexibility of the trinomial tree model, and the core idea of the multi-state trinomial tree model here is to change probability rather than increase the branches of the tree.
Assuming that there are k states in the Markov regime-switching model, the corresponding risk-free interest rate and volatility of the price of the underlying asset be r 1 , r 2 , ..., r k and s 1 , s 2 , ..., s k , respectively. The up-jump ratio of the lattice is taken to be e t D s , for a lattice which can be used by all regimes, we need
For example, we can let s be
where s is the arithmetic mean of s i . e t D s will be used as the ratio in the lattice. Each of the nodes accommodates price information of k states. q ij denotes the probability of state transition from state i to state j in a time step Dt under the risk neutral probability Q, which can be found by the generator matrix A * using the matrix exponential: 
As all of the regimes share the same lattice and the regime state cannot be reflected by the position of the nodes, each of the nodes has k possible prices corresponding to the regime state at the node. At time step t, there are 2t + 1 nodes in the lattice, the node is counted from the lowest stock price level, and S t, n, j denotes the stock price of the n th node at time step t under regime j. The stock prices in different regimes sharing the same node will be different from one another, and the differences correspond to the ratio of jump that is given by y ij . So, we have S t, n, i = S t, n, j e y ji for all i, j ! K .
(4.12)
Given the initial stock price and regime state, the stock prices at each node of the lattice in different regimes can be found. Let V t,n, j be the value of the derivative at the n th node at time step t under the j th regime state. The trinomial model is applicable for the European option, the American option and the barrier option. If we consider a European call option with maturity time T,
(4.13) Now, with the derivative price in all regimes at expiration, by conditioning on the economic state and the stock price level after one time step, we can apply the following equation recursively: (4.14) and the price of the option can be obtained. The price of the American option can be calculated using the trinomial tree model, by comparing the values of the option at different regimes and its value if it is exercised immediately at each node.
However, there is a problem when we price the barrier option. Boyle and Tian (1998) observe that the price of the barrier option obtained by the lattice model is more accurate when the grid of the lattice touches the barrier level. Under our jump diffusion model, the prices of stock at different regimes are not necessarily the same even if they are in the same node. The stock price of all regimes might not be able to touch the barrier level at grids. We apply the method of Boyle and Tian (1998) to start the lattice at the barrier level at a particular regime so that the grid can touch the barrier level at least at one regime. In the two-regime case, the value of s can be adjusted so that the grid can touch the barrier level in the lattice for both regimes. When more regimes are involved, it seems hard to ensure that the grid touches the barrier level in the lattice at all regimes. It is even harder for the stock prices at grid to touch both barriers for a double barrier option in two or more regimes.
We have to be careful about the difference between the model without jump and the jump diffusion model under the risk neutral probability. Under the risk neutral probability measure Q, the stock price process is given by: 
The stock price is allowed to jump when there is regime switching. Given the same volatility for the diffusion part, the jump process gives extra variability to the stock price and can result in a higher option price than that in the model with no jump. The stock prices of different regimes are different even if they share the same node. When the option prices of different regimes are calculated, apart from the effects of volatility, the risk-free interest rate, the intensity and magnitude of jumps, the price of the underlying assets should also be considered as they need not be the same at different regimes under this model.
NUMERICAL RESULTS AND ANALYSIS
In this section, we consider some examples and use these examples to study some properties of the model in this paper. We study the convergence property, and the effect of the regime-switching risk. The value of the European options, the American options and the down-and-out barrier options are considered. We first consider the case when the jump risk is not priced first, then the option pricing when jump risk is priced.
Jump Risks are Not Priced
We assume that the jump risk is not priced in this subsection. We consider a market which has two regimes. The underlying risky asset is assumed to be a stock with initial price of 100 at regime 1, following a geometric Brownian motion with no dividend. At regime 1, the risk-free interest rate is 4% and the volatility of stock is 0.25; at regime 2, the risk-free interest rate is 6% and the volatility of stock is 0.35, and the stock will have jump when the regime changes. All options expire in one year with strike price equal to 100. The generator for the regime switching process is taken as . . From this we can obtain the price of the stock price in all regimes at each node in the lattice using (4.12). For example, initial stock price in regime 2 is 100exp(.1). The price of jump risk is taken to be zero so we have
With this value of j, under risk neutral probability measure Q, the arrival rate matrix A *Ј is With all the information above, we can apply the trinomial tree model to compute the prices of options. In table 1 and table 2 , we can see the convergence patterns. We note that the convergence speed is similar to that in the CRR binomial tree model under the standard Black-Scholes framework. For the convergence of binomialpricing model, see Omberg (1987 N is the number of time steps used in calculation. Diff refers to the difference in prices calculated using various numbers of time steps, and ratio is the ratio of the differences. The value next to the regime number is the initial stock price at that regime. In the following, we investigate the effect of the stock price jump by comparing the numerical results for the models with and without jumps. In the no jump model, we assume that the risk-free rate and the volatility at each regime are the same as that in the model with jump, but the dynamic of the stock at regime 2, is also a geometric Browian motion, rather than a jump-diffusion. We also assume the same generator for the regime-switching process.
OPTION PRICING IN A JUMP-DIFFUSION MODEL WITH REGIME SWITCHING 531 Since we used different initial prices for stock at different regimes in the model with jumps, we also use different initial prices at different regimes for the model without jump to compare the prices of options in models with and without jumps. The results are given in tables 3 and 4. For the same initial stock price, volatility, risk-free interest rate and keeping all the other assumptions, the jump model gives a higher price. This is due to the jump risk. We can also observe that the convergence behavior in the model with jump is more complex that that in the model without jump. We can also observe that, at both regimes, the differences between the call option price and put option price in the models with and without jump converge to the same value. This is because of the put-call parity. This can be seen from the following explanation. In our model, the prices of risk from Brownian motion and that from Markov chain are fixed. The risk neutral probability measure is unique and so are the prices of the derivatives. Therefore, the prices of the European call option and the put option are constant. Let c and p be the prices of the European call and the put option, respectively. In both the jump and no jump models, by the putcall parity, for any given regimes, we have:
The generator matrices and thus the arrival rate matrices are the same for both models as the jump risk is not priced. The expected value of the discounted ratio for the exercise price K shown in equation (5.4) is the same for both with and without jump models. The result indicates that when the call option has a higher price due to the extra variability from the jump of stock, the put option price increases by the same amount. If we substitute the values of the European call option and the European put option of the two models obtained by iterations to equation (5.4), the value of the expected discounted factor in the equation can also be obtained at the two regimes. The value of the expected discounted factor can also be obtained by the generator matrix. The probability of the regime changing from state i to state j after a period of time t is given by the ij entry of e tA* . The generator matrix under Q is the same as the one under the probability measure P because the jump risk is not priced. The expected discounted factor can be obtained by considering the expected amount of time that the Markov chain spends on each regime. This is given by
The exact solution given in (5.6) cannot be used here because the determinant of A * must be zero in the two-regime case. Given we are in state i, the expected proportion of time that the Markov chain will be in state j over the time period with length T is t ij /T. From the values obtained using 5120 time steps, at each regime, we can calculate a value of fixed interest rate that is equivalent to the interest rate used in the model. Each fixed interest rate, in turn, reflects the expected amount of time that the market will spend at the corresponding regime, given the current state. 
The approximation errors of equation (5.7) should be much smaller than that by using the information of option prices. For the no jump model, similar results can be found in Elliott et. al (2005) .
OPTION PRICING IN A JUMP-DIFFUSION MODEL WITH REGIME SWITCHING 533 Tables 5 and 6 show the American call and put results. From the tables, we can observe that the prices of the American call option found by the lattice model shown in Table 5 are exactly the same as the European call option prices. This is consistent with the theoretical result that the American call option should not be exercised before expiration.
The price of the American put option is higher than that of the European put option and the option price in the jump model is higher than that in the model without jump. Both observations are consistent with our intuition and the theoretical results in finance.
In Table 7 , we can observe that the convergence speed of the down-andout barrier call option is similar to that in the CRR model. However, the convergence pattern is more complex than that in CRR model, and that in the model without jump. In this example, we have chosen the s value such that the stock prices touch the barrier level in both regimes.
Jump Risks are Priced
We consider the option pricing when the jump risk is priced in this subsection. We assume that all the set-up and conditions are the same as those in the last subsection, except that the price of the jump risk is not 0 here. The price of the jump risk is taken as:
. . We can apply the trinomial tree model to compute the price of the options. The values are compared with the values when the jump risk is not priced in the last subsection.
OPTION PRICING IN A JUMP-DIFFUSION MODEL WITH REGIME SWITCHING 535 Priced refers to the option prices with jump risk being priced and Not Priced refers to the prices that jump risk is not priced. Diff is the option price in priced model minus that in not priced model.
When jump risk is priced, we may expect that the prices of the options will be greater. However, in tables 8-12, we calculated the prices of various options for both jump risk being priced and not being priced models, the prices of all types of options obtained in the jump risk being priced model are lower than those of the jump risk being not priced model. The reason is that, under the risk neutral probability, the only difference between jump risk being priced and being not priced is the arrival rate matrix. When the jump risk is priced, under the risk neutral probability measure, the market spends more time on the first regime in which the underlying asset has a smaller volatility and smaller 536 F.L. YUEN AND H. YANG A trinomial method is proposed to calculate the prices of various options. The method in this paper is easy to use, and the convergence speed to the price under corresponding continuous model is fast. We have compared the results in our model with those in the CRR model and the model that the stock price has no jumps. Some financial insights can be obtained from observations of the numerical results in the paper.
